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(54) Positive resist composition and method for forming a resist pattern 



(57) A method for forming a resist pattern excellent 
in heat resistance which comprises coating a positive 
resist composition comprising an active agent which 
has no sensitivity against the wavelength of patterning 
exposure but is able to generate an acid or a radical on 
a substrate to form a resist film; and. after the develop- 
ment, generating an acid or radical from the active 
agent for curing; 
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a positive resist composition used in the method 
and comprising an alkali -soluble novolak resin, a 
quinonediazide-based radioactive ray-sensitive 
agent, the active agent and a cross-linking agent; 
and 

a method for forming a fine positive resist pattern, a 
hole pattern, which comprises, after patterning 
exposure and development, irradiating the resist 
pattern obtained with a light having wavelength 
shorter than that used for the patterning exposure; 
and then heating the irradiated pattern at tempera- 
ture sufficient for allowing the resist pattern to swell 
are provided. 
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Description 

[0001 ] The present invention relates to a method for frirminn a positive rccic* pattern, and a pobiiive i esisi composition 
used for the same. 

5 [0002] In more detail, the present invention relates to a method for forming a positive resist pattern having excellent 
heat resistance and a method for forming a fine positive resist pattern, the resist pattern being formed by irradiation of 
a radioactive ray such as a ultraviolet ray and a development by alkaline developer and being used for manufacture of 
a semiconductor integrated circuit, and a positive resist composition used for the same. 

[0003] A positive resist comprising a novolak resin, as an alkali-soluble component and a quinonediazide compound, 
10 as a radioactive ray-sensitive component, gives a positive type image by irradiation of a radioactive ray through a mask 
(what is called patterning exposure) and development by alkaline developer by utilizing phenomenon that the quinone- 
diazide compound is decomposed by the action of the radioactive ray to generate a carboxyl group and consequently 
alkali-insoluble condition turns to alkali-soluble condition. Such a novolaWquinonediazide-based positive resist is widely 
used for manufacture of integrated circuits since the resist is generally excellent in resolution. 
15 [0004] For a positive resist, high heat resistance is required in addition to the other various properties such as reso- 
lution, sensitivity and profile. For example, in an ion implantation process and a refiow process wherein heat is gener- 
ated significantly, high heat resistance is necessary. 

[0005] The ion implantation is a process in which ions such as boron and phosphorus are implanted into a semicon- 
ductor substrate using a resist pattern as a mask. In implanting an ion, high energy is generated and the process leads 
20 to high temperature which often causes the resist pattern sagged or tumbled. Due to the resist pattern sagged or tum- 
bled, a correct circuit is not formed. Therefore, a positive resist pattern having excellent heat resistance is required in 
an ion implantation process. 

[0006] The refiow is a method which is proposed for forming a fine contact hole pattern using a positive resist. In the 
refiow, the dimension of a hole pattern (part where a resist film has been removed) is decreased by inflating a resist by 

25 heating the resist pattern after development, and by this, it becomes possible to manufacture a further minute integrated 
circuit. The refiow is conducted at a temperature of about 1 10 to 180°C. The refiow may be effected in one-step heating 
at relatively high temperature or in two-step heating wherein operation is first carried out at lower temperature and then 
carried out at higher temperature. In either case, a high temperature from about 140 to 180°C is adopted in the final 
stage. Therefore, a positive resist pattern having high heat resistance is preferable since, using the same, dimension 

30 control becomes correct. 

[0007] Heat resistance of a positive resist pattern can be improved by increasing the molecular weight of a resin com- 
prised in the resist. However, when the molecular weight is so increased that the resin is endowed with sufficient heat 
resistance, there is a tendency of deterioration of basic properties such as decrease in resolution and generation of 
development residue (scum). 

35 [0008] An object of the present invention is to provide a novel method for forming a positive resist pattern having excel- 
lent heat resistance and a novel method for forming a fine positive resist pattern, and to provide a positive resist com- 
position suitable for the methods. This object has been achieved by the surprising finding that the heat resistance of a 
positive resist pattern can be significantly improved without decrease in sensitivity and resolution by incorporating a cer- 
tain kind of a compound to a positive resist composition comprising a novolak resin, an alkali-soluble component, and 

40 a quinonediazide compound, a radioactive ray-sensitive component, and by generating an acid or radical from the com- 
pound for curing after alkaline development. It has further been found that sufficient result can be obtained particularly 
in refiow treatment by irradiating a light having certain wavelength after exposure and development even if no active 
agent as described above is incorporated in a positive resist composition. 

[0009] Thus, the present invention provides a method for forming a resist pattern which comprises coating a positive 
45 resist composition comprising an alkali-soluble novolak resin, a quinonediazide-based radioactive ray-sensitive agent 
and an active agent which has no sensitivity against the wavelength of patterning exposure but is able to generate an 
acid or a radical on a substrate to form a resist film; subjecting the resist film to patterning exposure; conducting a devel- 
opment with an alkaline developer; and generating an acid or radical from the active agent for curing. According to this 
method, a resist pattern excellent in heat resistance is formed. 
so [0010] The present invention also provides a positive resist composition (hereinafter referred to as "a positive resist 
composition (A)") used for this method. 

[001 1 ] The present invention further provides a method for forming a resist pattern which comprises coating a positive 
resist composition comprising an alkaline-soluble novolak resin and a quinonediazide-based radioactive ray-sensitive 
agent on a substrate to form a resist film; subjecting the resist film to patterning exposure; conducting development with 
55 an alkaline developer; irradiating the resist pattern thus obtained with a light having wavelength shorter than that used 
for the patterning exposure; and then heating the irradiated pattern at temperature sufficient for allowing the resist pat- 
tern to swell to obtain a resist pattern in which the area of part from which a resist is removed is contracted. According 
to this method, a fine positive resist pattern, a hole pattern, is formed. (Hereinafter, the positive resist composition used 
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in this method is referred to as "a positive resist composition (B)".) 

Fig. 1 is a plan view showing one part of a resist pattern which is provided by the mask used in the Expsrirr.oTU 
examples at cptirrrum exposure conditions in enlarged size. 

5 

Explanation of Marks 
[0012] 

10 1 : hole (part from which a resist is removed by exposure and development) 
2: image which is not exposed and remains as a resist layer 
a: length of one edge of a hole 
b: interval between holes 

15 [0013] The alkali-soluble novolak resin comprised in the positive resist composition (A) or (B) may be that which is 
generally used as an alkali-soluble component of a positive resist, and usually obtained by condensation of a phenol- 
based compound with an aldehyde in the presence of an acid catalyst. Examples of the phenol-based compound used 
for the manufacture of the novolak resin include phenol, o-, m- or p-cresol, 2,3-, 2,5-, 3,4- or 3,5-xylenol, 2,3,5-trimeth- 
ylphenol, 2-, 3- or 4-tert-butylphenol, 2-tert-butyl-4- or -5-methylphenol, 2-, 4- or 5-methylresorcinol, 2-, 3- or methoxy- 

20 phenol, 2,3-, 2,5- or 3,5-dimethoxyphenol, 2-methoxyresordnol, 4-tert-butylcatecho! t 2-, 3- or 4-ethytphenol, 2,5- or 3,5- 
diethylphenol, 2,3,5-triethylphenol, 2-naphthoI, 1,3-. 1,5- or 1,7-di hydroxy naphthalene, and polyhydroxytriphenylmeth- 
ane-based compounds obtained by condensation of xylenol with hydroxybenzaldehyde. These phenol-based com- 
pounds can be used respectively alone or in combination of two or more. 

[0014] Examples of the aldehyde used for the manufacture of the novolak resin include aliphatic aldehydes such as 
25 formaldehyde, acetaldehyde. propionaldehyde, n-butylaldehyde, isobutylaidehyde, pivaldehyde, n-hexylaldehyde, acro- 
lein and crotonaldehyde, alicyclic aldehydes such as cyclohexanealdehyde, cyclopentanealdehyde, furfural and furylac- 
rolein, aromatic aldehydes such as benzaldehyde, o-, m- or p-methylbenzaldehyde, p-ethylbenzaldehyde, 2,4-. 2,5-, 
3,4- or 3,5-dimethylbenzaIdehyde, o-, m- or p^hydroxybenzaldehyde, o-, m- or p-anisealdehyde and vanillin, and aro- 
matic aliphatic aldehydes such as phenylacetaldehyde and cinnamaldehyde. These aldehydes can also be used 
30 respectively alone or in combination of two or more if required. Among them, formaldehyde is preferably used because 
of industrial availability. 

[0015] Examples of the acid catalyst used for condensation of a phenol-based compound with an aldehyde include 
inorganic acids such as hydrochloric acid, sulfuric acid, perchloric acid and phosphoric acid, organic acids such as for- 
mic acid, acetic acid, oxalic acid, trichloroacetic acid and p-toluenesulfonic acid, and divalent metal salts such as zinc 
35 acetate, zinc chloride and magnesium acetate. These acid catalysts can also be used respectively alone or in combi- 
nation of two or more. The condensation reaction can be conducted according to a conventional method, and it can be 
conducted, for example, at a temperature in the range from 60 to 120°C for 2 to 30 hours. 

[0016] Regarding the novolak resin obtained by condensation, the proportion of components having a molecular 
weight of 1,000 or less is preferably 25% or less and more preferably it is 20% or less based on the total pattern area 
40 excepting unreacted phenol-based compounds. Such preferred novolak resin can be obtained, for example, by fraction- 
ation. The proportion is expressed in terms of area ration in gel permeation chromatography (GPC) pattern. Herein, the 
pattern area is that measured by using a 254 nm UV detector, and the molecular weight is a molecular weigh in terms 
of polystyrene. 

[0017] An alkali-soluble lower molecular weight phenol-based compound, such as that having a molecular weight of 
45 1,000 or less, may be added to the novolak resin in which the higher molecular components content has thus been 
increased. The alkali-soluble lower molecular weight phenol-based compound preferably has at least two phenolic 
hydroxy! groups in the molecular structure. Examples thereof include those described in JP-A-2-275955 (= USP 
5,456,995 and USP 5,456,996) or JP-A-2-2560 and a certain kind of bis or tris-phenol type compounds . When an 
alkali-soluble phenol-based compound having a molecular weight of 1 ,000 or less is used, amount of the compound is 
so preferably from 3 to 40% by weight based on the total amount of the novolak resin and the alkali-soluble phenol-based 
compound. 

[0018] The quinonediazide-based radioactive ray-sensitive agent in the positive resist (A) or (B) may also be that 
which is generally used in the field of positive resists. It is usually an o-quinonediazidesuHonate of a compound having 
a phenolic hydroxyl group. Preferably, it is a 1,2-naphthoquinonediazide-5- or 4-sulfonate or 1 ,2-benzoquinonediazide- 
55 4-sulfonate of a polyhydroxy compound having at least three phenolic hydroxyl groups. Such esters can be produced 
by reacting the above-described compound having a phenolic hydroxyl groups with an o-quinonediazidesulfonic acid 
halide in the presence of a base such as triethylamine. It is particularly preferable that the o-quinonediazidesulfonic acid 
halide is 1,2-naphthoquinonediazide-5-sulfonic acid chloride. The quinonediazide-based radioactive ray-sensitive 
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agent can be used respectively alone or in combination of two or more. Amount of the radioactive ray-sensitive agent 
comprised in the resist composition is preferably from 10 to 100% by weight more preferably from 10 to 50% by weight 
based on the total amount of the novolak resin and the above-described alkali-soluble lower molecular weight phenc!- 
toRprf oonipe'jnd cpticnally used. 

5 [0019] The active agent comprised in the positive resist (A) has no sensitivity against the wavelength of a light used 
in conducting exposure of a resist film for patterning, such as g-line of 436 nm and Mine of 365 nm, but generates an 
acid or radical in the treatment conducted after patterning exposure. Specifically, a so-called light acid generator which 
has no sensitivity against a light having wavelength used for patterning exposure and is decomposed by a light having 
wavelength other than the wavelength used for patterning exposure and generates an acid; a compound which gener- 

10 ates an acid by heating (sometimes referred to as a heat acid generator, in this specification); a compound which gen- 
erates a radical by heating (sometimes referred to as a radical generator, in this specification), and the like can be listed. 
[0020] In the method of the present invention in which a positive resist composition comprising an active agent is 
used, an acid or radical is generated from the active agent for curing, for example, through the following methods 1-3 
as well as by other method: 

15 

Method 1: 

[0021 ] A light acid generator, a compound which has no sensitivity against the wavelength of patterning exposure but 
has a sensitivity against a light of other wavelength, is used as an active agent, and the resist pattern after development 
20 is irradiated with a light of a wavelength against which the light acid generator has sensitivity to generate an acid, and, 
then, the resist pattern is heated for curing. 

Method 2 

25 [0022] A compound which generates an acid by heating is used as an active agent, and the resist pattern after devel- 
opment is heated for generating an acid and for curing. 

Method 3 

30 [0023] A compound which generates a radical by heating is used as an active agent, and the resist pattern after devel- 
opment is heated for generating a radical and for curing. 

[0024] As the light acid generator, various compounds which are known in the field of chemical amplification type 
resist can be particularly used. Examples thereof include onium salt compounds, organic halogen compounds, sulfone 
compounds, and sulfonate compounds. 
35 [0025] Examples of the onium salt compound used as a light acid generator include iodonium salts represented by 
the following formula (I) and sulfonium salts represented by the following formula (II): 



40 



45 




( I ) 



( m 



wherein, R 1 , R 2 , R 3 and R 4 each independently represents hydrogen, alkyl or alkoxy, R 5 represents aryl or aryloylme- 
thyl, R 6 and R 7 each independently represents alkyl or aryl or R 6 and R 7 may form an alkylene in combination, and A 
55 represents an acid residue containing fluorine. 

[0026] Examples of the organic halogen compound used as a light acid generator include halogen-containing triazine 
compounds represented by the following formula (III): 
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R 11 

R 12 -K' N (nr) 
R 3 

/o wherein, R 11 represents perhaloalkyl, R 12 and R 13 each independently represents unsubstituted or substituted alkyl, 
aryl or unsubstituted or substituted styryl. 

[0027] Examples of the sulfone compound used as a light acid generator include compounds represented by the fol- 
lowing formula (IV): 

is R 21 -S0 2 -X-Y-R 22 (IV) 

wherein, R 21 and R 22 each independently represents alkyl, cycloalkyl or aryl, X represents a direct bond or diazometh- 
ylene, and Y represents -CO- or -S0 2 -. 

[0028] Examples of the sulfonate compound used as a light acid generator include aromatic compounds represented 
20 by the following formula (V) and sulfonates of N-hydroxyimide represented by the following formula (VI): 

( V) 



( VI) 



35 wherein, Ar represents phenyl having nitro or methylsulfonyloxy, a-benzoylbenzyl or a-benzoyl-a-hydroxybenzyl, R 23 
represents alkyl or aryl, R 24 represents unsubstituted or substituted alkyl, alicyclic hydrocarbon residue, aryl, aralkyl or 
a camphor group, Z represents a direct bond or methylene, and Q represents a divalent hydrocarbon group., 
[0029] In the above formulae, it is usual that the alkyl and alkoxy respectively have about 1 to 6 carbon atoms, and 
the cycloalkyl have about 5 to 8 carbon atoms. The aryl is usually phenyl or naphthyl, the aralkyl is usual benzyl. The 

40 phenyl and naphthyl may be optionally substituted with a group such as hydroxy! group, nitro, halogen, alkyl or alkoxy 
having the above-described number of carbon atoms, aryloxy or arylthio. Further, two adjacent carbon atoms in these 
phenyl and naphthyl may be optionally connected by a divalent group such as methylenedioxy. As the substituent on 
the alkyl, halogens such as chlorine and fluorine are listed. 

[0030] In the formula (II), the alkylene chain formed by connecting R 6 and R 7 may have about 2 to 6 carbon atoms. 

45 [0031] Examples of the anion represented by A" in the formulae (I) and (II) include a tetrafluoroborate ion (BF 4 ), hex- 
afluorophosphate ion (PF 6 ), hexaf luoroantimonate ion (SbF 6 ) and trif luoromethanesulfonate ion (CF 3 S0 3 ). The hal- 
ogen constituting the perhaloalkyl represented by R 11 in the formula (III) may be fluorine or chlorine. When R 12 and/or 
R 13 represents styryl, examples of the group which can be substituted on the benzene ring of tie styryl include alkyl and 
alkoxy having about 1 to 6 carbon atoms. 

so [0032] In the formula (VI), the alicyclic hydrocarbon residue represented by R 24 may be a monocyclic or cross-linked 
polycyclic ring having about 5 to 16 carbon atoms. Specifically, cyclohexyl, adamantyl and the like are listed. In the for- 
mula (VI), the camphor group represented by R 24 is a monovalent group derived from camphor. Specifically, 10-cam- 
phor group, namely, a group obtained by removing a sulfonic group from 10-comphor sulfonic acid, may be listed. 
Further, in the formula (VI), the divajent hydrocarbon residue represented by Q may be selected from wide range of 

55 groups such as alkylene, arylene and alicyclic divalent group. Specific examples thereof include ethylene, trimethylene, 
1 ,2-phenylene. 1 ,8-naphthylene and 5-norbornene-2,3-diyl. 
[0033] Examples of the iodonium salt represented by the formula (I) include: 



Ar-2-OS0 2 -R 



23 



25 



30 



o 

II 

N-OS0 2 -R 

C 
ii 
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diphenyliodonium trifluoromethanesulfonate, 
4-methoxyphenyiphenyliodonium hexafluoroantimonate, 
4-methoxyphenylphenyliodonium trifluoromethanesulfbnate, 
bis(4 tcrt b^ySp^STiyl/iUiOfiiurn teiraiiuoroborate, 
bis(4-tert-buty!phenyl)iodonium hexafluorophosphate. 

bis(4-tert-butyfpheny1)iodonium hexafluoroantimonate and bis(4-tert-butylphenyl)iodonium trifluoromethanesul- 
nonate. 

[0034] Examples of the sulfonium salt represented by the formula (II) include: 

triphenylsulfonium hexafluorophosphate, 
triphenylsulfbnium hexafluoroantimonate, 
triphenylsulfonium trifluoromethanesulfbnate, 
4-methoxyphenyldiphenylsulfonium hexafluoroantimonate, 
4-methoxyphenyldiphenylsulfonium trifluoromethanesulfonate, 
p-tolyldiphenylsulfonium trrfluoromethanesulforiate, 
2,4,6-trimethylphenyldiphenylsulfonium trifluoromethanesulfonate, 
4-tert-butylphenyldiphenylsulfonium trifluoromethanesulfonate, 
4-phenylthiophenyldiphenyisu!fonium hexafluorophosphate, 
4-phenylthiophenyldiphenylsulfbnium hexafluoroantimonate, 
1 -(2-naphthoylmethyl)thiolanium hexafluoroantimonate, 

1- (2-naphthoylmethyl)thiolanium trifluoromethaneuslfonate, 
4-hydroxy-1-naphthyldimethylsulfonium hexafluoroantimonate and 
4-hydroxy-1 -naphthyidimethylsulfonium trifluoromethanesulfonate. 

[0035] Examples of the halogen-containing triazine compound represented by the formula (III) include: 

2- methyl-4,6-bis(trihcloromethyl)-1 l 3 I 5-triazine, 
2,4,6-tris(trichloromethyl)-1,3,5-triazine, 
2-phenyl-4,6-bis(trichloromethyl)-1,3,5-triazine, 
2-(4-chlorophenyl)-4,6-bis(trichloromethyl)-1 ,3,5-triazine, 
2-(4-methoxyphenyl)-4,6-bis(trichloromethyl)-1,3,5-triazine P 
2-(4-methoxy-1 -naphthyl)-4,6-bis(trichloromethyl)-1 ,3,5-triazine, 
2-(benzo[d][1 ,3]dioxolane-5-yl)-4,6-bis(trichloromethyl)-1 ,3,5-triazine, 
2-(4-methoxystyryl)-4,6-bis(trichloromethyl)-1,3 l 5-triazine, 
2-(3,4,5-trimethoxystyryl)-4,6-bis(trichloromethyl)-1 ,3,5-triazine, 
2-(3,4-dimethoxystyryl)-4,6-bis(trichloromethyl)-1 ,3,5-triazine, 
2-(2,4-dimethoxystyryl)-4,6-bis(trichloromethyl)-1,3,5-triazine, 
2-(2-methoxystyryl)-4,6-bis(trichloromethyl)-1 ,3,5-triazine, 
2-(4-butoxystyryl)-4,6-bis(trichloromethyl)-1 ,3,5-triazine and 
2-(4-pentyloxystyryl)-4,6-bis(trichloromethyl)-1 ,3,5-triazine. 

[0036] Examples of the sulfone compound represented by the formula (IV) include: 

diphenyl disulfone, 

di-p-tolyl disulfone, 

bis(phenylsulfonyl)diazomethane, 

bis(4-chlorophenylsulfonyl)diazomethane, 

bis(p-trisulfonyl)diazomethane, 

bis(4-tert-butylphenylsulfonyl)diazom ethane, 

bis(2,4-xylylsulfonyl)diazomethane, 

bis(cycIohexylsulfonyl)diazomethane, 

(benzoyl)(phenylsulfonyl)diazomethane and 

phenylsulfonylacetophenone. 

[0037] Examples of the sulfonate compound represented by the formula (V) include: 

a-benzoylbenzyl p-toluenesulfonate (commonly called benzoinetosylate). 



6 



EP0917000A2 



p-benzoyl-p-hydroxyphenetyl p-toluenesulfonate (commonly called a-methylolbenzoinetosylate), 
1 ,2,3-benzenetoriyl trismethanesulfonate, 
2,6-dinitrobenzyl p-toluenesulfbnate, 
2-nitrohpnTyi p-teiycnccuIfcriSts aiiu 
5 4-nitrobenzyf p-toluenesulfonate. 

[0038] Examples of the sulfonate compound of N-hydroxyimide represented by the formula (VI) include: 

N-(phenylsulfbnyloxy)succinimide, 
w N-(trifluoromethylsulfonyloxy)succinimide. 

N-(p-chlorophenylsulfonyloxy)succinimide, 

N-(cyclohexylsulfonyloxy)succinimide, 

N-(1 -naphthylsurfonyloxy)sucdnimide, 

N-(benxylsulfonyloxy)succinimide, 
is N-(10-camphorsulfonyloxy)succlnimide, 

N-(trifluoromethylsulfonyloxy)phthalimide, 

N-(trlfluc<ome%lsulfonyloxy)-5-nortx)rnene-2,3<licarboxyimlde, 

N-(trifluoromethylsulfbnyloxy)naphthalimide and 

N-(1 0-camphorsulfonyloxy)naphthalimide. 

20 

[0039] Some of the above-described light acid generators which are thermally unstable and are decomposed at a rel- 
atively low temperature from about 110 to 150°C can be used also as a heat acid generator, which generates an acid 
by heat decomposition. A compound which has no sensitivity against a light but generate an acid by heating can also 
be used as a heat acid generator. 

25 [0040] Some of acid growing agents described in JP-A-8-248561 which are thermally unstable and are decomposed 
at a relatively low temperature as described-above can be used as a heat acid generator. Esters of a perf luoroalkylsul- 
fonic acid or perf luoroalkylcarboxylic acid can also be used as a heat acid generator since they generate acid by heating 
at a relatively low temperature as described-above. Some other acid growing agents described in JP-A-8-248561 which 
are not decomposed themselves by a light or heat can be combined with an acid generating agent which is decom- 

30 posed by light or heat for the purpose of enhancing acid generation efficiency and improving heat setting property. 
[0041] As the radical generator which generates a radical by heat decomposition, various compound known as initi- 
ators for radical reaction such as peroxides and azo compounds which are decomposed at a relatively low temperature 
from about 1 10 to 150°C can be used. 

[0042] It is preferred that the positive resist composition herein used further comprises a cross-linking agent in addi- 
35 tion to the above-described novolak resin, quinonediazide-based radioactive ray-sensitive agent and active agent. 
Then, the present invention also provide a positive resist composition comprising an alkali-soluble novolak resin, a qui- 
nonediazide-based radioactive ray-sensitive agent, an active agent which has no sensitivity against the wavelength of 
patterning exposure but generates an acid or radical by the following treatment, and a cross-linking agent. 
[0043] Any cross-linking agents which allow a novolak resin to be cross-linked and cured, such as those used in gen- 
40 eral resin field negative resist field, fiber treating agent field and the like, may be used herein. Specifically, epoxy com- 
pounds, compounds having a methylol group or methylol ether group, and the like may be listed. Examples of the 
epoxy-based cross-linking agent include low molecular weight phenol compounds, such as bisphenol A, and a novolak 
resin oligomer, in which the phenolic hydroxyl groups are glycidyl-etherified. 

[0044] Examples of the cross-linking agent having a methylol group or methylol ether group include melamine or gua- 
45 namine-based compounds represented by the following formula (VII): 



( vn) 



55 

wherein. A 31 represents -NR 36 R 37 or aryl, and when R 31 represents -NR 36 R 37 , one of R 32 . R 33 , R 34 , R 35 . R 36 and R 37 
represents -CH 2 OR 38 and when R 31 represents aryl. one of R 32 , R 33 , R 34 and R 35 represents -CH 2 OR 38 . and the 
remaining groups of R 32 . R 33 , R 34 , R 35 , R 36 and R 37 each independently represents hydrogen or -CH 2 OR 38 , wherein 



so 



>32 



i33 



Y' if 
N^N 



< 



5 34 



,35 



R 



31 
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R 38 represents hydrogen or alkyl. 

[0045] The aryl group in the formula (VII) is generally phenyl, 1 -naphthyl or 2-naphthyl which may optionally be sub- 
stituted with a substituent such as alkyf, alkoxy and halogen. Generally, the alkyl and alknvy have about 1 tc S carton 
atcrrts rsspaclr»cJy. Tile aikyi represented by R°° is generally methyl or ethyl, particularly methyl. 
[0046] Examples of the melamine-based compound represented by the formula (VII), namely compound represented 
by the following formula (Vila): 



R 32 R 34 

> n r< 

R 33 N . N < 



r 36 R 37 



wherein, R 32 , R 33 , R 34 , R 35 , R 36 and R 37 have the meanings as described above 

include hexamethylolmelamine, pentamethylolmelamine, tetramethylolmelamine, hexamethoxymethylmelamine, pen- 
tamethoxymethylmelamine, tetramethoxymethyimelamine and hexaethoxymethylmelamine. 

[0047] Examples of the guanamine-based compound represented by the formula (VII) include tetramethylolbenzo- 
guanamine, tetramethoxymethylbenzoguanamine, trimethoxymethylbenzoguanamine and tetraethoxymethylbenzo- 
guanamine. 

[0048] Examples of the cross-linking agent having a methylol group or methylol ether group further includes: 

(a) 2,6-bis(hydroxymethyl)-4-methylphenol 

(b) 4-tert-butyI-2,6-bis(hydroxymethyl)phenol, 

(c) 5-ethyl-1,3-bis(hydrbxymethyl)perhydro-1,3,5-triazine-2-one (commonly called N-ethyldimethyloltriazine) or 
dimethyl ether body thereof, 

(d) dimethyloltrimethyleneurea or dimethyl ether body thereof, 

(e) S.S-bisfhydroxymethyOperhydro-l.a.S-oxadiazine^-one (commonly called dimethylolurone) or dimethyl ether 
body thereof, and 

(f) tetramethylolglyoxaldiureine or tetramethyl ether body thereof. 

[0049] Chemical structures of the examples (a) - (b) and chemical structures of the methyl ether bodies of the exam- 
ples (c) - (f) are shown below. 
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15 



HOCH 2 

(a) HO-^3-CH 3 
HOCH 2 

HOCH 2 

(b) HO-^-C(CH 3 ) 3 
HOCH? 



CH 3 OCH 2 2 CH 2 OCH 3 

(c) ^ j 

N 
i 

C 2 H 5 

CH 3 OCH 2 ^ n S n ^CH 2 OCH 3 

(d) ^ 



30 



35 



CH 3 OCH 2 M CH 2 OCH 3 

(e) N N 

XT 

CH 3 OCH 2x ^HgOCHg 
N— CH-N 

(f) 0=C I C=0 

\ I / 

N— CH-N 
CH 3 OCH 2 X CH 2 OCH 3 



45 

[0050] When the positive resist composition (A) comprises an active agent and a cross-linking agent, the active agent 
and the cross-linking agent are used in sufficient amount for effecting action as described above. In general, amount of 
the active agent is preferably from about 0.1 to 25% by weight and amount of the cross-linking agent is preferably about 
30% by weight or less, more preferably from 0.1 to 30% by weight, based on the total amount of solid components in 
so the resist composition. When the amount of the active agent or the cross-linking agent is too small, the effect of the 
present invention may become insufficient. On the other hand, when the amount is too large, basic properties such as 
resolution may be unfavorably influenced. When the active agent is alkali-insoluble, if the amount thereof is too large, 
the sensitivity tends to be decreased. 

[0051 ] In the method of the present invention in which irradiation with a light having wavelength shorter than that used 
55 for the patterning exposure and heating for allowing the resist pattern to swell are conducted, image part of a resist 
(remaining part as a resist film) is allowed to swell in high dimension accuracy by irradiating the whole pattern after alka- 
line development and heating, and consequently, a fine hole pattern can be formed. It is also effective to heat the resist 
pattern for curing to some extent at temperature which does not cause swelling before the heating for swelling and cur- 
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ing the image part. 

[0052] A positive resist composition (B) may also contain a cross-linking agent in addition to an alkaline-soluble 
novolak resin and a quinonediazide-based radioactive ray-Roncifjyo sgcrrt If required. Curing by healing progresses 
more effectively by the cross-linking agent. Particularly, when a resist pattern is cured by heating at temperature which 
5 does not case swelling of the resist pattern before heating at temperature sufficient for swelling the resist pattern, the 
existence of a cross-linking agent may sometimes be advantageous. 
[0053] Same cross-linking agents as those mentioned above are used. 

[0054] Amount of the cross-linking agent is usually in the range of 10% by weight or less, preferably of 0.01% by 
weight or more and 1% by weight or less. 
10 [0055] The positive resist composition (A) or the positive resist composition (B) is usually dissolved in a solvent to 
prepare a resist solution which is coated on a substrate such as silicon wafer. A solvent which dissolves the compo- 
nents, has suitable drying speed, and gives a uniform and smooth coated film after vaporization of the solvent can be 
used for the positive resist composition (A) and (B). Solvents usually used in this field can be used for the positive resist 
composition (A) and (B). 

is [0056] Examples thereof include glycol ether esters such as ethylcellosolve acetate, methylcellosolve acetate, propyl- 
ene glycol monomethyl ether acetate and propylene glycol monoethyl ether acetate, glycol ethers such as ethylcellos- 
olve, methylcellosolve, propylene glycol monomethyl ether and propylene glycol monoethyl ether, esters such as ethyl 
lactate, butyl acetate, amyl acetate and ethyl pyruvate, ketones such as 2-heptanone and cyclohexanone, and cyclic 
esters such as y-butyrolactone. These solvents can be used respectively alone or in combination of two or more. The 

20 positive resist composition (A) and (B) may also comprise a small amount of additives commonly used in this field such 
as resins other than novolak resins and dyes according to demands. The positive resist composition (A) and (B) may 
further comprise a resolution improving agent such as thioxanetones, which is proposed in JP-A-1 0-1 52735. Total 
amount of the other additives mentioned above is 3 % by weight or less based on the total solid content in the resist 
composition. 

25 [0057] The positive resist composition (A) or (B) is coated on a substrate to form a resist film, which is then subjected 
to patterning exposure through a mask. For this patterning exposure, a visual light or a near ultraviolet ray such as g- 
line (436 nm) and i-line (365 nm) is usually used. After the patterning exposure, the resist film is developed with an alka- 
line developer. The alkaline developer may be selected from various aqueous alkaline solution used in this field. Aque- 
ous solution of tetramethylammonium hydroxide or (2-hydroxyethyl)trimethylammonium hydroxide (commonly called 

30 choline) is commonly used as the developer. 

[0058] In the method of the present invention in which a positive resist composition (A) is used, after the development, 
an acid or radical is generated from the active agent existing in the resist and curing is conducted by heating. When the 
active agent is a light acid generator, the whole pattern is irradiated with a light having wavelength against which the 
light acid generator has sensitivity to generate an acid. Herein, the wavelength against which the light acid generator 

35 has sensitivity means a wavelength at which the light acid generator is decomposed to generate an add by the action 
of the light. For the irradiation, any light source having a wavelength at which the light acid generator is decomposed 
can be used. However, the light used for irradiating whole pattern to generate an acid is preferably has wavelength 
shorter than that of patterning exposure. 

[0059] Examples of the light source used for this irradiation include a XeCI excimer lamp having a wavelength of 308 
40 nm, bright line of a mercury lamp having a wavelength of 254 nm, a KrF excimer laser light having a wavelength of 248 
nm, a KrCI excimer lamp having a wavelength of 222 nm, a ArF excimer laser light having a wavelength of 193 nm, 
bright line of a mercury lamp having a wavelength of 185 nm and a Xe 2 excimer lamp having a wavelength of 172 nm. 
In general, deep UV having a wavelength of 300 nm or less is preferred. 

[0060] If a cross-linking agent exists in the treatment wherein an acid generates from the light acid generator and a 
45 novolak resin is cured by heating, the generated acid acts on the cross-linking agent and makes the curing more effec- 
tively. Temperature and time for heating is selected so that the cross-linking and curing progress. In general, heating is 
conducted at a temperature from about 110 to 180°C for 0.5 to 10 minutes. Usually, it is preferred that heating is con- 
ducted after the generation of acid from a light acid generator by the irradiation. However, heating may be conducted 
while irradiating a light to generate an acid. 
so [0061] Further, when the above-described reflow treatment is conducted, the heating treatment may also be utilized 
simultaneously as heating in the reflow process. The heating treatment may be conducted in one-step process at rela- 
tively higher temperature in the above-described temperature range, for example from 140 to 180°C, or in two-step 
process in which heating is first conducted at lower temperature and then at higher temperature. 
[0062] When the active agent is a heat acid generator or a radical generator, an acid or radical is generated by heat- 
55 ing. Temperature and time for heating is selected so that the heat acid generator or radical generator is decomposed to 
generate an acid or radical. In general, a temperature from about 1 10 to 180°C is adopted and a heat acid generator or 
radical generator which is decomposed at this temperature is preferably used. The heating treatment for generating an 
acid or radical for curing may be conducted in one-step process at a temperature in the above-described temperature 
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range. It is also effective to adopt two-step heating process in which a compound which is decomposed at a relatively 
lower temperature, for example from 1 10 to 150°C, is used as the heat acid generator or radical generator, and an acid 
or radical is generated by first heating at the relatively lower tempGrati iro and then curing !c c^ra «-,s resist is Conducted 
by iieauny ai sufficiently higher temperature. For example, a heat acid generator or radical generator which is decom- 
5 posed at a temperature of 1 10°C or more, preferably from about 1 10 to 150°C, is used, and heating treatment is con- 
ducted for generating an acid or radical at a temperature in the above-described range, then curing by heating is 
conducted at a temperature which is in the range from about 140 to 180°C and higher than the temperature of former 
heating. 

[0063J When ref low treatment is conducted, this heating treatment can also be utilized simultaneously as heating in 
10 the ref low treatment. 

[0064] In the method of the present invention in which irradiation with a light having wavelength shorter than that used 
for the patterning exposure and heating for allowing the resist pattern to swell are conducted, the whole resist pattern 
after development is irradiated with a light having wavelength shorter than that used for the patterning exposure. Exam- 
ples of the light source used for this irradiation include a XeCI excimer lamp having a wavelength of 308 nm, bright line 
15 of a mercury lamp having a wavelength of 254 nm, a KrF excimer laser light having a wavelength of 248 nm, a KrCI 
excimer lamp having a wavelength of 222 nm, a ArF excimer laser light having a wavelength of 193 nm, bright line of a 
mercury lamp having a wavelength of 1 85 nm and a Xe 2 excimer lamp having a wavelength of 1 72 nm. In general, deep 
UV having a wavelength of 300 nm or less is preferred. 

[0065] After the whole surface exposure onto a developed pattern, so-called reflow treatment is conducted in which 
20 a resist pattern is allowed to swell and a hole pattern is allowed to contract. This heat treatment is conducted at tem- 
perature sufficient for swelling of the resist pattern, and a temperature usually of 1 40°C or more, particularly from about 
140 to 180°C is adopted though it slightly varies depending on the kind of the resist, particularly on the combination of 
an alkaline-soluble component with a quinonediazide-based radioactive ray-sensitive agent. 

[0066] As described above, it is also effective that a pattern after development is subjected to the whole surface expo- 
25 sure, then, the resist pattern is heated for curing to some extent at temperature which does not cause swelling of it, and 
subsequently the resist pattern is heated at temperature sufficient for allowing it to swell. Such temperature at which the 
resist pattern does not swell also varies slightly depending on the kind of the resist, and is usually from about 1 10 to 
1 40°C. The heating at which the resist pattern does not swell is usually conducted for about 0.5 to 5 minutes. Whether 
the treatment in which the resist pattern is heated at temperature at which it does not swell is inserted halfway or not 
so inserted, the heat treatment at temperature sufficient for swelling of the resist pattern is usually conducted for about 0.5 
to 5 minutes. 

EXAMPLE 

35 [0067] The following examples further illustrate the present invention in detail, but do not limit the scope thereof. In . 
the examples, and "parts" are by weight unless otherwise stated. The weight-average molecular weight is meas- 
ured from GPC using a polystyrene as a standard. 

[0068] Main materials used in Examples 1-10 and Comparative Examples 1-6 are described below. 
40 (a) Novolak resin 

[0069] Obtained by reacting m^cresolft-cresol/formaldehyde in a molar ration of 50/50/80 in the presence of a oxalic 
acid catalyst under reflux according to a normal method, followed by fractionation. 
[0070] weight-average molecular weight in terms of polystyrene weight is about 8,000. 
45 [0071 ] In GPC pattern, the area ratio of compounds having a molecular weight in terms of polystyrene of 6,000 or less 
is 34%, and the area ratio of compounds having a molecular weight in terms of polystyrene of 1,000 or less is 15% 
based on the total pattern area excepting the pattern area of unreacted cresol. 

(b) Quinonediazide-based light sensitive agent 

50 

[0072] A condensate of 2,4,4-trimethyl-2\4\7-trihydroxyflavan having a structure represented by the following for- 
mula: 

55 — 
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with 1,2-naprithoquinonediazide-5-sulfonic acid chloride in a reaction molar ration of 1:2.6. 



(c) Active agent 



[0073] 



Light acid generator C1: N-(10-camphorsulfonyloxy)succinimide 
Heat acid generator C2: Benzoin tosylate 

Heat acid generator C3: 2-nitrobenzyl tosylate ("NB-101" manufactured by Midori Kagaku K.K.) 

Heat acid generator C4: 2-hydroxy-2-methylcyclohexyl tosylate Radical generator C5: 2,2'-azobis(iso butyric 

acid)dimethyl 

[0074] These active agents respectively have structures of the following formulae. 
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C1 : 



10 



15 



20 



25 
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35 



45 



NO 



C3: ^3" CH 2 OS0 2"^^~ CH J 

aJ3H3 
'"'OH 

*OS0 2 -<Q^ CH 3 



C5: (CH 3 ) 2 C-N=N-C(CH 3 ) 2 

c=o c=o 

I t 

o o 

CH3 CH3 



40 (d) Cross-linking agent 
[0075] 

Cross-linking agent D1: hexamethoxymethylmelamine 
Examples 1 to 6 and Comparative Examples 1 to 4 



[0076] 1 1 parts of the above-described novolak resin, 4 parts of the above-described quinonediazide-based light sen- 
sitive agent. 4 parts of 4 l 4'-(2-hydroxybenzilidene)di-2 l 6-xylenol as an additive and 45 parts of 2-heptanone as a sol- 

50 vent were mixed. To the solution thus obtained were added each of light acid generators and each of cross-linking 
agents shown in Table 1 , dissolved and. then, filtered through a 0.2 urn fluorine resin filter to prepare resist solutions. 
[0077] On a silicone wafer treated with hexamethyldisilazane (HMDS), each of the resist solutions obtained above 
was spin-coated so that the thickness after drying became 1.28 iim. Pre-baking was conducted on a direct hot plate 
under conditions of 90°C for 60 seconds. The wafers on which resist films had been thus formed were exposed using 

55 a g-line stepper manufactured by Nikon Corp. ("NSR-1 755g7A", NA=0.54) or an i-line stepper manufactured by the 
same company ( n NSR-2005i9C\ NA=0.57, <j=0.60) with gradually changing exposure amount to form line and space 
patterns having various dimensions. Then, post-exposure-baking was conducted on a hot plate under conditions of 
110°C for 60 seconds, and subsequently, paddle development was conducted using an aqueous 2.38% by weight 
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tetramethylammonoiumhydroxide solution for 30 seconds. 

[0078] The wafers after development were closely contacted to an irradiation window of an exicimer lamp pjER-20- 
172" (wavelength 172nm) or "URE-20-222" (wavelength 222 nm)i m^mrfsct'jrcd by f Jsh;G Inc., and expusaJ under con- 
ditions shown in Table 1. When "UER-20-1 72" was used, illumination intensity at the irradiation window was 10 
mW/cm 2 . Then, the wafers were put on hot plates set at various temperatures, heated for 1 80 seconds and heat resist- 
ance tests were conducted. The patterns before and after the heating were observed by a scanning type electron micro- 
scope. Effective sensitivity and resolution were evaluated as shown below regarding patterns before the heating, and 
heat resistance was evaluated as shown below regarding patterns after the heating, and the results are shown in Table 
1. 

Effective sensitivity: expressed by exposure amount at which cross section of 0.60 jim line and space pattern was 
1:1. 

Resolution: expressed by the minimum line width of line and space pattern which was separated at the exposure 
amount of the effective sensitivity. 

[0079] Heat resistance: expressed by temperature at which 3 line and space pattern which had been exposed at 
the effective sensitivity and developed initiated deformation. 



Table 1 



Example 
No. 


Light acid 
generator 


Cross-link- 
ing agent 


Patterning 
wave- 
length 


Exposure after develop- 
ment 


, Effective 
sensitivity 
(msec) 


Resolu- 
tion (pm) 


Heat 
resistance 
(°C) 










wave- 
length 
(nm) 


Times 
(sec) 








Example 1 


C1/0.5 
parts 


None 


g-line 


172 


10 


700 


0.45 


180 


Example 2 


C1/0.5 
parts 


D1/0.1 
parts 


g-line 


172 


10 


700 


0.45 


>180 


Example 3 


C1/0.5 
parts 


D1/1.0 
parts 


g-line 


172 


10 


700 


0.45 


>180 


Example 4 


C1/0.5 
parts 


D1/1.0 
parts 


g-line 


172 


100 


700 


0.45 


>180 


Example 5 


C1/0.5 
parts 


D1/1.0 
parts 


i-line 


172 


10 


450 


0.40 


>180 


Example 6 


C1/0.5 
parts 


D1/1.0 
parts 


g-line 


222 


10 


700 


0.45 


>180 


Compara- 
tive exam- 
ple 1 


None 


None 


g-line 


No exposure 


700 


0.45 


140 


Compara- 
tive exam- 
ple 2 


C1/0.5 
parts 


None | 


g-line 


No exposure 


700 


0.45 


140 


Compara- 
tive exam- 
ple 3 


C1/0.5 
parts 


D1/1.0 
parts 


g-line 


No exposure 


700 


0.45 


140 


Compara- 
tive exam- 
ple 4 


None 


None 


g-line 


172 


100 


700 


0.45 


160 
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[0080] In Comparative Example 1 , a pattern is formed using a conventional resist according to a conventional method. 
In Examples 1 to 6, a resist film comprising a light acid generator is subjected to patterning exposure, developed, then, 
irradiated with a light having wavelength by which the light acid generator is decomposed to generate Held, tiicTi 
heated, according to a method of the present inverter.. Goii^aring to Comparative Example 1, heat resistance is 
rsrMaT^auiy improved without lowering sensitivity and resolution in Examples 1-6. In this procedure, it is further effective 
that a cross-linking agent is comprised together with the light acid generator as shown in comparison with Example 1 
and Example 2-6. On the other hand, even if a light acid generator is comprised as in Comparative Example 2 or a light 
acid generator and cross-linking agent are comprised as in Comparative Example 3, no improvement in heat resistance 
was observed when exposure is not conducted after development. It is supposed that this is because curing by cross- 
linking did not progress since no acid was generated from the light and acid generator. When resist composition is con- 
ventional one and exposure after development is conducted as in Comparative Example 4, heat resistance is slightly 
improved. However, the compositions according to Examples 1 to 6 exhibited further improved heat resistance in com- 
parison with that of Comparative Example 4. 

Examples 7 to 10 and Comparative Examples 5 to 6 

[0081 ] 1 1 parts of the above-described novolak resin, 4 parts of the above-described quinonediazide-based light sen- 
sitive agent, 4 parts of 4,4 , -(2-hydroxybenzilidene)di-2 I 6-xylenol as an additive and 45 parts of 2-heptanone as a sol- 
vent were mixed. To this solution were added active agents (heat acid generator or radical generator) and cross-linking 
agents shown in Table 2, dissolved and, then, filtered through a 0.2 jim fluorine resin filter to prepare resist solutions. 
[0082] On a silicone wafer treated with hexamethyldisilazane (HMDS), the resist solutions obtained above were spin- 
coated so that the thickness after drying became 1 .28 urn. Pre-baking was conducted on a direct hot plate under con- 
ditions of 90°C for 60 seconds. The wafers on which resist films had been thus formed were exposed using a g-line 
stepper manufactured by Nikon Corp. fNSR-1755g7A" l NA=0.54) with gradually changing exposure to form line and 
space patterns having various dimensions. Then, post-exposure-baking was conducted on a hot plate under conditions 
of 1 10°C for 60 seconds, and subsequently, paddle development was conducted using an aqueous 2.38% by weight 
tetramethylammonoiumhydroxide solution for 30 seconds. 

[0083] The wafers after development were heated on a hot plate of 1 30°C for 1 80 seconds. Then, they were put on 
hot plates set at various temperatures, heated for 180 seconds and heat resistance tests were conducted. The patterns 
before and after the heating were observed by a scanning type electron microscope. Effective sensitivity, resolution and 
heat resistance were evaluated in the same manners as in Examples 1 - 6, and the results are shown in Table 2. 



Table 2 



Example No. 


Heat acid genera- 
tor or radical gen- 
erator 


Cross-linking 
agent 


Effective sensitiv- 
ity (msec) 


Resolution frim) 


Heat resistance 
(°C) 


Example 7 


C2/0.1 parts 


D1/0.1 parts 


700 


0.45 


>180 


Example 8 


C3/0.1 parts 


D 1/0.1 parts 


700 


0.45 


>180 


Example 9 


C4/0.1 parts 


D 1/0.1 parts 


700 


0.45 


>180 


Example 10 


C5/0.1 parts 


D 1/0.1 parts 


700 


0.45 


>180 


Comparative 
example 5 


None 


None 


700 


0.45 


140 


Comparative 
example 6 


None 


D 1/0.1 parts 


700 


0.45 


140 



[0084] In Comparative Example 5. a pattern is formed using a conventional resist according to a conventional method 
In Examples 7 - 10, a resist film comprising a heat acid generator or radical generator is subjected to patterning expo- 
sure, developed, then, heated at temperature at which the heat acid generator or radical generator is decomposed to 
generate an acid, according to a method of the present invention. Comparing to Comparative Example 5, heat resist- 
ance is remarkably improved without lowering sensitivity and resolution in Examples 7 - 10. On the other hand, even if 
a cross-linking agent is comprised as in Comparative Example 6, no improvement was observed in heat resistance 
when a heat acid generator and radical generator are not comprised. It is supposed that this is because curing by cross- 
linking did not progress since no acid or radical was generated from the heat acid generator and radical generator. 



15 



EP0917000 A2 



Reference Example 1 (Production of Novolak resin) 

[0085] Into a reaction vessel was charged 479.7 parts of m-/|>mixed cresof containing 62% of nvnroso! ; 1 15.1 parte 
of p-cresoL 75 p*rts cf 2,5 xylsr.G!, 39.3 pans of oxalic acid dihydrate, 261 .8 parts of a 90% aqueous acetic acid 

5 solution and 803.1 parts of methyl isobutyl ketone, and the mixture was heated to 80°C. To this was added 463.2 parts 
of 37% formalin over 30 minutes, and the mixture was further heated and reacted for 1 3 hours while maintaining reflux 
condition at 92°C. After completion of the reaction, 486.2 parts of methyl isobutyl ketone was charged, then, 1823.2 
parts of water was added for washing and the mixtures was separated. This washing and separation procedure was 
repeated six times. After completion of the washing procedure, the oil layer was concentrated to obtain a methyl isobutyl 

io ketone solution of a novolak resin. This resin had a weight average molecular weight of about 4,400. To this solution 
was added methyl isobutyl ketone to dilute the solution to 20% concentration. To 400 parts of this 20% solution was 
added 545.2 parts of n-heptane while stirring. The resulted mixture was further stirred for 30 minutes at 60°C, then, 
allowed to stand still for separation. 76.3 parts of the resulted lower layer was diluted with 400 parts of 2-heptanone, 
then, concentrated to obtain 109.7 parts of a 2-heptanone solution of a novolak resin. This novolak resin is referred to 

15 as Resin A. This resin had a weight average molecular weight of about 7,200, and in this resin, the area ratio corre- 
sponding to a molecular weight of 1 ,000 or less in GPC pattern was about 20%. 

Reference Example 2 (Production of other novolak resin) 

20 [0086] Into a reaction vessel was charged 486.6 parts of m-cresol, 21 9.6 parts of 2,5-xylenol, 31 .8 parts of oxalic acid 
dihydrate, 214.2 parts of a 90% aqueous acetic acid solution and 635.0 parts of methyl isobutyl ketone, and the mixture 
was heated to 80°C. To this mixture was added 450.9 parts of 37% formalin over 30 minutes, and the mixture was fur- 
ther heated and reacted for 1 1 hours while maintaining reflux condition at 92°C. After completion of the reaction, 461 .5 
parts of methyl isobutyl ketone was charged. Then, 1500 parts of water was added for washing and the mixtures was 

25 separated. This washing and separation procedure was repeated six times. After completion of the washing procedure, 
the oil layer was concentrated to obtain a methyl isobutyl ketone solution of a novolak resin. This resin had a weight 
average molecular weight of about 4,800. To this solution was added methyl isobutyl ketone to dilute the solution to 22% 
concentration. To 400 parts of this 22% solution was added 271 .2 parts of n-heptane while stirring. The resulted mixture 
was further stirred for 30 minutes at 60°C. then, allowed to stand still for separation. 91.4 parts of the resulted lower 

30 layer was diluted with 400 parts of 2-heptanone, then, concentrated to obtain 135.8 parts of a 2-heptanone solution of 
a novolak resin. This novolak resin is referred to as Resin B. This resin had a weight average molecular weight of about 
6,100. In this resin, the area ratio corresponding to a molecular weight of 1 .000 or less in GPC pattern was about 20%. 

Experiment Examples 1 to 16 

'35 

[0087] 2.5 parts, in terms of the weight of a solid component, of the novolak resin A obtained according to the same 
method as in Reference Example 1, 7.5 parts, in terms of the weight of a solid component, of the novolak resin B 
obtained according to the same method as in Reference Example 2, 6 parts of a condensate of 2,6-bis[4-hydroxy-3-(2- 
hydroxy-5-methy!benzyl)-2,5-dimethyIbenzyQ-4-methylphenol, having a structure represented by the following formula: 

40 



45 




CH3 CH3 CH3 CH3 CH3 



so with 1,2-naphthcK}uinonediazide-5-sulfonic acid chloride in a reaction molar ratio of 1 :2.2, as a radioactive ray-sensitive 
agent, 4.3 parts of 1,1-bis(4-hydroxyphenyl)cyclohexane ("Bisphenol Z" manufactured by Honshu Chemical Industry 
Co., Ltd.) as an additive, 0.3 parts of a mixture of 2-isopropylthioxanetone and 4-isopropylthioxanetone ("SPEED CURE 
ITX" manufactured by LAMBSOIM) as a resolution improving agent and 2-heptanone as a solvent were mixed so that 
the total amount of 2-heptanone was 45 parts including 2-heptanone from the novolak resin. In Experiment Examples 

55 9 - 16, 0.1 part of hexamethoxymethylmelamine was further added as a cross-linking agent. These solution thus 
obtained were filtered through a 0.2 urn fluorine resin filter to prepare resist solutions. 

[0088] On a silicone wafer treated with hexamethyldisilazane (HMDS), the resist solutions obtained above were spin- 
coated so that the thickness after drying became 0.79 jim. Pre-baking was conducted on a direct hot plate under con- 
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driions of 90°C for 60 seconds. The wafers on which resist films had been thus formed were exposed through a half tone 
mask of which mask part has a transmission of 8% using a i-beam stepper manufactured by Nikon Corp. ("NSR- 
2005i9C, NA=0.57. a=0.4) with gradually changing exposure time to form a holp pattern.. The mask ucsd allows gxpo- 
curs cf 0.35 fxm squaie hoie i on a resist under optimum exposure conditions as shown in Fig. 1. The exposed part is 
5 removed by development, and the surrounding unexposed parts remains as an image 2 to give a pattern, wherein ratio 
of the width of the hole 1 to the interval between the holes (a:b, Duty ratio) is 1 :2. However, due to 0.05 nm mask bias, 
the size of bottom surface of trie obtained hole pattern was 0.30 urn. (This means the exposure time was somewhat 
shorter than the optimum exposure time.) 

[0089] Then, post-exposure-baking was conducted on a hot plate under conditions of 1 1 0°C for 60 seconds, and sub- 
10 sequentiy, paddle development was conducted using an aqueous 2.38% tetramethylammonoiumhydroxide solution for 
60 seconds. Then, the square hole pattern having a size of the hole bottom surface of 0.30 urn was examined as 
described below. The exposure time was 590 milliseconds in Experiment Examples 1 - 8 and 560 milliseconds in Exper- 
iment Examples 9-16. 

[0090] The wafers after development were closely contacted to an irradiation window of an exicimer lamp ["UER-20- 
15 222" (wavelength 222 nm)] manufactured by Ushio Inc., and exposed for 30 seconds. The illumination intensity at the 
irradiation window is 7 mW/cm 2 according to catalogue value given by the manufacturer. Then, the wafers were put on 
hot plates set at various temperatures, heated for 60 seconds and ref low was conducted. The patterns after the reflow 
were observed by a scanning type electron microscope, the sizes of the hole bottom surfaces were measured, and the 
results are shown in Table 3. 
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Table 3 





Ex.Example No. 


Cross-linking agent 


222 nm exposure 


Reflow temperature 


Hole size 


25 


1 


Not used 


Conducted 


No heating 


0.30 nm 




2 


it 


H 


130°C 


0.30 nm 




3 


ft 


It 


140°C 


0.24 nm 




4 


I It 


II 


150°C 


0.18 nm 


30 


5 




Not conducted 


No heating 


0.30 nm 




6 


if 


tt 


130°C 


0.30 nm 




7 


f* 




140°C 


Hole was clogged 


35 


8 


it 




150°C 


Hole was clogged 




9 


Used 


Conducted 


No heating 


0.30 nm 




10 


n 




130°C 


0.30 nm 




11 


It 


it 


140°C 


0.23 nm 


40 


12 


it 




150°C 


0.14 nm 




13 


il 


Not conducted 


No heating 


0.30 nm 




14 


ti 




130°C 


Hole was clogged 


45 


15 


♦t 




140°C 


Hole was clogged 




16 


n 




150°C 


Hole was clogged 



[0091 ] As shown in Table 1, when exposure is conducted (Experiment Examples 2 - 4 and 10-12), variation in dimen- 
50 sion due to change in reflow temperature is mild, and dimension control property is excellent. By conducting reflow at 
suitable temperature, 1 40°C or more in these examples, an extremely fine hole pattern can be formed. 
[0092] According to the method of the present invention in which a positive resist composition comprising an active 
agent, that is, a positive resist composition A, is used, heat resistance can be remarkably improved without lowering 
various abilities such as sensitivity and resolution. Therefore, reliability in ion implantation is enhanced, and the compo- 
55 sition can be effectively used for reflow treatment and the like. 

[0093] According to the method of the present invention in which irradiation on the resist pattern whole surface after 
development with a light having wavelength shorter than that used for the patterning exposure and heating for allowing 
the resist pattern to swell are conducted, the dimension control property in the following heat reflow is improved to 
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obtain a fine hole pattern. That is, by appropriately setting heating temperature (reflow temperature) and by simple 
operation, reflow treatment which allows a resist pattern to swell with high dimension accuracy can be conducted, and 
consequently, an extremely fine pattern can he formed 

5 Claims 

1. A method for forming a resist pattern which comprises coating a positive resist composition comprising an alkali- 
soluble novolak resin, a quinonediazide-based radioactive ray-sensitive agent, and an active agent which has no 
sensitivity against the wavelength of patterning exposure but is able to generate an acid or a radical on a substrate 

w to form a resist film; subjecting the resist film to patterning exposure; conducting a development with an alkaline 
developer; and generating an acid or radical from the active agent for curing. 

2. The method according to Claim 1 , wherein the active agent is a light acid generator which has no sensitivity against 
the wavelength of patterning exposure but has sensitivity against a light of other wavelength, and an acid is gener- 

is ated from the light acid generator by irradiation of a light having wavelength against which the light acid generator 
has sensitivity and heating. 

3. The method according to Claim 2, wherein the patterning exposure is conducted using g-line of 436 nm or Mine of 
365 nm, and the irradiation of a light after development is conducted using a light having wavelength shorter than 

20 that of said patterning exposure. 

4. The method according to Claim 1, wherein the active agent is a heat acid generator which generates an acid by 
heating. 

25 5. The method according to Claim 4, wherein after generating an acid from the heat acid generator by heating, further 
heat treatment is conducted for curing. 

6. The method according to Claim 1, wherein the active agent is a radical generator which generates a radical by 
heating. 

30 

7. The method according to Claims 2, 4 or 6, wherein the heating is conducted at a temperature from 1 1 0 to 1 80°C. 

8. The method according to Claim 1 , wherein the positive resist composition further comprises a cross-linking agent. 

35 9. A positive resist composition comprising an alkali -soluble novolak resin, a quinonediazide-based radioactive ray- 
sensitive agent, an active agent which has no sensitivity against the wavelength of patterning exposure but is able 
to generate an acid or radical, and a cross-linking agent. 

10. The composition according to Claim 9, wherein the active agent is a light acid generator which has no sensitivity 
40 against the wavelength of patterning exposure but has sensitivity against a light having wavelength shorter than the 

wavelength of patterning exposure. 

11. The composition according to Claim 9, wherein the active agent is a heat acid generator which generates an acid 
by heating. 

45 

12. The composition according to Claim 9, wherein the active agent is a radical generator which generates a radical by 
heating. 

13. The composition according to Claim 9, wherein the cross-linking agent is a melamine compound represented by 
so the following formula (Vila) : 



55 
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5 




( Wa) 



10 



wherein, one of R 32 . R 33 , R 34 , R 35 , R 36 and R 37 represents -CH 2 OR 38 and the remaining groups of them each 
independently represents hydrogen or -CH2OR 38 , wherein R 38 represents hydrogen or an alkyl. 

75 1 4. The composition according to any of Claims 9. wherein the active agent is comprised in an amount from 0. 1 to 25% 
by weight and the cross-linking agent is comprised in an amount from 0.1 to 30% by weight based on the total 
amount of solid components in the composition. 

15. A method for forming a resist pattern which comprises coating a positive resist composition comprises an alkaline- 
20 soluble novolak resin and a quinonediazide-based radioactive ray-sensitive agent on a substrate to form a resist 
film; subjecting the resist film to patterning exposure; conducting development with an alkaline developer; irradiat- 
ing the resist pattern thus obtained with a light having wavelength shorter than that used for the patterning expo- 
sure; and then heating the irradiated pattern at temperature sufficient for allowing the resist pattern to swell to 
obtain a resist pattern in which the area of part from which a resist is removed is contracted. 



16. The met-ad according to Claim 15, wherein the positive resist composition further comprises a cross-linking agent. 

17. The method according to Claim 15, wherein the patterning exposure is conducted using g-line of 436 nm or i-line 
of 365 nm, and the irradiation of a light after development is conducted using a ultra-violet ray having wavelength 



18. The method according to Claim 15, wherein, after irradiation with a light having wavelength shorter than that used 
for the patterning exposure, the resist pattern is heated for curing at temperature which does not cause swelling of 
it, and subsequently the resist pattern is heated at temperature sufficient for allowing it to swell. 



19. The method according to Claim 15, wherein heating sufficient for allowing the resist pattern to swell is conducted 
at temperature from 1 40 - 1 80°C. 



25 



30 



of 300 nm or shorter. 
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Fig 1 . 

a b a b 

< X X M > 

1-d □ □ □ 

1-Q □ □ □ 
~nf □ □ □ 
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